The multi-time-scale correlations for the drought-flood index to annual runoff and North Atlantic 
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In the study, the Z index was employed to divide the drought and flood grades of precipitation in the three headstreams of the Tarim River. Wavelet analysis was chose to explore the periods of drought-flood index and runoff, and the multitime-scale correlations for drought-flood index to runoff and NAO.
Z index of precipitation ). The probability density function is
where x is the random variable of interest and (a, a 0 , β) represent the shape, location, and scale parameters, and Γ (a) is the gamma function. The mathematic expectation of the probability density function is and
where c s is the coefficient of skew and c v is the coefficient of variation. Both are attained from the precipitation sequence
where σ is the standard variance of the precipitation sequence, x is the mean value of the precipitation sequence.
The precipitation X is normalized by
The probability density function is transformed from a
Pearson III distribution to a standard normal distribution by taking Z as the variable:
where φ i is the standard variable and is expressed as
z i is calculated using Equation (9). The regional drought-flood index is then obtained by
where z i is the Z index of each station in the study area, and n is the total number of stations in the study area.
According to the normal distribution curve of variable Z (Zhang et al. ), seven grades of the Z index have been established for the drought-flood index as shown in Table 1 .
Wavelet analysis
Wavelet analysis is becoming a common tool for analyzing 
RESULTS AND DISCUSSION
Classification of the drought-flood index
The Z index (i.e., the drought-flood index) was calculated by 1993, 2001, 2002, and 2003) , and four light flood years (1991, 1992, 1998, and 2004 ) since the 1990s. Table 3 ). Figure 4 (c) shows that there were significant shorter periods in 1957-1967, 1970-1981, and 1988-1997 for 2-6-year periods at a confidence level of 95%.
Periodicity of the drought-flood index
Correlation analysis of drought-flood index and annual runoff Figure 5 presents the multi-time-scale correlation between annual runoff and the drought-flood index for the headstream mountain areas of the Tarim River. In Figure 5 , the droughtflood index was negatively correlated with the annual runoff at different time-scales in the past 50 years. However, this seems not to correspond to reality. A reason for this is that precipitation over the Tarim River headstreams is generally snow, which takes a long time to melt; the meltwater first flows into ground water and then overflows into runoff, resulting in a runoff lag to precipitation in time. In addition, the runoff supply from the headstreams mainly depends on glacier and snow meltwater, and therefore runoff is more closely correlated with temperature than with precipitation (Xu et al. ) . When precipitation increases in a certain period of time, the temperature is thus low, and it will directly lead to a decrease of glacier and snow meltwater, and this decrease drives the runoff (and vice versa). As there is a positive correlation between temperature and runoff and a negative correlation between temperature and precipitation, the relationship between annual runoff and precipitation appears to be a negative correlation.
In the cross-wavelet spectrum, there was a positive correlation for periods over 20 years, but no significant correlation for the whole time series. The reason is that the original information loss becomes serious as the number of wavelet decompositions increases. The section of significant correlation encompasses the 2-10-year period from the early 1970s to the late 1990s. Specifically, the correlation is significantly negative in the 1970s
for the 2-5-year period, the mid-1970s for the 7-8-year period, from the mid-1970s to the mid-1990s for the 9-year period, and in the early and mid-1990s for the 3-8-year period, and significantly positive in the early 1970s for the 8-9-year period, and the late 1970s and the early 1980s for the 7-8-year period. Correlation between the drought-flood index and NAO index Table 4 and plateau. The Tarim River Basin is mid-latitude in the Northern Hemisphere and has prevailing westerlies.
Therefore, the major resource of water vapor in the Tarim River Basin is westerly airflow from the Atlantic, followed by dry-cold airflow from the Arctic Ocean, and the water vapor quantity is 25-33% of west wind airflow (Zhou ).
CONCLUSIONS
It is found from the analysis of this paper that the drought- The annual runoff of the headstreams in the Tarim River has had periodicity of 6, 17, and 22 years. Only the 6-year period is significant at a confidence level of 95%. A periodic zone of 2-6 years was significant during the periods 1957-1967, 1970-1981, and 1988-1997. The correlation between the annual runoff and the drought-flood index at different time-scales was mainly negative. The significant time sections were the 2-10-year 
